Glucose-stimulated insulin release by individual pancreatic beta cells: potentiation by glyburide.
To investigate the effect of glyburide on insulin secretion by individual beta cells from normal rats, we employed a reverse hemolytic plaque assay. Pancreata were harvested from female Wistar-Furth rats, the pancreatic islets isolated, and the latter dispersed into single cells. These cells were mixed with protein A-coated ox erythrocytes, the mixture was placed in a Cunningham chamber in the presence of insulin antiserum, and the cells were exposed to the various test substances. Having developed hemolytic plaques around the insulin-secreting cells with complement, the percentage of plaque-forming cells was determined and the plaque areas (reflecting the amount of insulin secreted) were quantitated. For the purpose of validation, we demonstrated that (i) plaque-forming (but not nonplaque-forming) cells could be identified as insulin secreting by an independent immunofluorescent technique, (ii), plaques did not form if insulin antiserum was deleted from the preparation, (iii) plaques failed to develop if insulin antiserum was preabsorbed with insulin, and (iv) incubation with non-protein A-coated RBC or omission of complement resulted in no plaque formation. In addition, both the percentage of plaque-forming cells and the mean plaque are increased upon exposure to glucose (0.75-20 mM) in a concentration-dependent manner at 5- and 60-min incubation times. Moreover, somatostatin suppressed the percentage of plaque-forming cells and diminished the mean plaque area of cells which continued to secrete insulin in response to glucose. Exposure of cells to 100 nM glyburide in the presence of 5 mM or 20 mM glucose had no effect on the percentage of plaque-forming cells present at 5 min or 60 min. Similarly, glyburide did not alter mean plaque area at 5 or 60 min when cells were co-incubated with 5 mM glucose. However, mean plaque area was markedly enhanced at 5 and 60 min in response to glyburide and 20 mM glucose. These results demonstrate that glyburide (i) does appear to enhance insulin secretion by an effect directly on the pancreatic beta cell; (ii) does not act by recruiting previously noninsulin-secreting cells into a secretory pool; (iii) does not potentiate the effect of glucose, at fed concentrations, on insulin secretion by individual cells; but (iv) does augment insulin secretion by beta cells stimulated with supraphysiologic concentrations of glucose.